Background: Osgood-Schlatter disease (OSD) is a traction apophysitis of the tibial tuberosity. Ultrasonography (US) is able to detect pathologic changes, such as cartilage swelling and fragmentation of the tibial tubercle ossification center.
the tibia. 20, [25] [26] [27] Repeated tensile extension forces from the quadriceps are applied to the weak apophyseal cartilage of the tibial tuberosity, resulting in avulsion of segments of the anterior cartilage and anterior bone. 12, 27 Clinically, it is characterized by pain, swelling, and enlargement of the proximal tibia at the site of the patellar tendon's insertion. The pain is exacerbated with physical activity that involves running, jumping, and kneeling. [5] [6] [7] It has been claimed that, in the majority of adolescents, symptoms may completely resolve after conservative treatment consisting of activity modification, application of ice, use of anti-inflammatory agents, and physical therapy with stretching.
center, which has diagnostic value only when associated with soft tissue swelling, partial obliteration of the retrotendinous fat pad, and patellar tendon thickening.
14 Ultrasonography (US) has been used to detect pathological features and monitor the course of OSD, including cartilage swelling, fragmentation of the tibial tubercle ossification center, patellar tendon lesions, and reactive bursitis of the deep or superficial tibial patellar bursae. 3, 9, 11, 17, 22, 29 Ehrenborg 13 evaluated the tibial tuberosity radiographically and classified its development into 4 stages: the cartilaginous stage, apophyseal stage, epiphyseal stage, and bony stage. Nakase et al 24 evaluated the stages of the tibial tuberosity development and physical features using ultrasound according to this classification. However, they did not evaluate the prevalence of OSD and in which stage(s) it occurred.
The aim of this study was to compare the ultrasonography stages of tibial tuberosity development to the physical features and determine the prevalence of OSD in this population using ultrasound.
MATERIALS AND METHODS
Preparticipation physical examinations were conducted on preadolescent baseball players. The subjects were 238 males (n ¼ 476 joints) who were baseball players, with a mean age of 11.4 years (range, 7-14 years). The skeletal maturation of the distal attachment of the patellar tendon was examined using a LOGIQ e instrument (GE Health Care) with high-resolution linear-array probes at 12 MHz. The US evaluations were performed with both knees in 90 of flexion in the supine position. The tibial tuberosity was examined on longitudinal US images at the site at which the tuberosity was most clearly visualized. The tibial tuberosity development on US was divided into 3 stages: the cartilaginous stage (stage C) was characterized by a large amount of apophyseal cartilage (anechoic) ( Figure 1A ), the apophyseal stage (stage A) was characterized by apophyseal cartilage ( Figure 1B) , and the epiphyseal stage (stage E) was characterized by no detectable sign of apophyseal cartilage ( Figure 1C) .
We investigated whether the subjects had pain in the tibial tuberosity on application of pressure. The height was measured with a portable height scale using graduations of 0.1 cm. Weight was measured on an electronic scale. The heel-buttock distance (HBD, cm) was measured in the prone position, and the straight-leg raise angle (SLRA) was evaluated with the participant assuming the supine position and flexing the hip with the knee extended. The straight-leg raise angles were divided into 4 groups at 15 intervals: grade 1 ¼ <60 , grade 2 ¼ 60 to 74 , grade 3 ¼ 75 to 89 , and grade 4 ¼ >90 . To confirm the diagnosis of OSD, the participant had to fulfill the following clinical criteria: pain with direct pressure on the tibial apophysis; pain before, during, and after physical activities; enlargement or prominence of the tibial apophysis; pain with resisted knee extension; and pain caused by jumping. 23 The following ultrasonographic findings were also required: fragmentation of the bone and irregularity of the ossification center in US (Figure 2) . 3, 9, 11, 22, 24, 29 The physical findings were compared with the respective stages of tibial tuberosity development. Institutional review board approval for the study was provided by our institution.
Statistical Analysis
A 1-way analysis of variance and the Tukey honestly significant difference test were used for comparisons between groups. The kappa statistic was used to assess intra-and interrater reliability of the ultrasound staging system. The degree of observer agreement was graded as follows: 
RESULTS
The tibial tuberosity was stage C in 195 knees, stage A in 105 knees, and stage E in 176 knees. The height, weight, and body mass index significantly increased with advancing development of the tibial tuberosity ( Table 1 ). The HBD was significantly increased in stage E compared with other stages (P < .01) ( Table 2) , and was 0.41 ± 1.1 cm in stage C, 0.59 ± 1.4 cm in stage A, and 4.5 ± 4.4 cm in stage E. The SLRA was not significantly different among groups. There was fragmentation of the bone and irregularity of the ossification center in 32 knees (6.8%): 21 knees in stage A and 11 knees in stage E. Fragmentation of the bone and irregularity was observed significantly more often in stage A (P < .01) ( Table 3) . On the other hand, there were 10 knees with OSD (2.1%): 3 knees in stage A and 7 knees in stage E. Clinically symptomatic OSD was observed significantly more often in stage E than in the other stages (P < .05) ( Table 4 ). The kappa values for the intrarater reliability of the evaluation of the ultrasound stage (0.92; P < .01) indicated almost perfect agreement. In contrast, the kappa values for the interrater reliability of the evaluation of the ultrasound stage (0.70; P < .01) indicated moderate agreement.
DISCUSSION
The present study focused on the ultrasonographic stages of tibial tuberosity development, the prevalence of OSD, and in which stage it occurred in preadolescent males. The diagnosis of OSD is mostly clinical, but imaging methods are often used to confirm the diagnosis. Vreju et al 29 reported that there were changes at the distal part of the tibial tuberosity during development and were able to diagnose OSD using US. They thought that US was a useful method to evaluate the immature tibial tuberosity.
The apophysis is relatively weak and a common area of injury in sports participants. 1 Nakase et al 24 evaluated the stages of tibial tuberosity development and the physical features of 200 knees in 100 male football players aged 10 to 15 years using ultrasound. They found that quadriceps muscle tightness increased with skeletal maturation, while hamstring tightness did not. Similar to this study, they found that quadriceps muscle tightness increased with skeletal maturation while hamstring tightness did not. It is not clear why such a mismatch would occur between the quadriceps muscle and hamstring muscle, and further studies are needed on this topic.
After performing magnetic resonance imaging studies, Hirano et al 15 stated that some type of injury occurs in the secondary ossifiation center of the tibial tuberosity during the apophyseal stage in patients with OSD. Czyrny 8 and Gholve et al 14 reported that OSD is caused by overuse during the period from stage A to stage E, and that the tibial 158.1 ± 7.6
Values are expressed as mean ± SD. A, apophysial; C, cartilaginous; E, epiphysial. The Orthopaedic Journal of Sports Medicine Osgood-Schlatter Disease in Preadolescent Males 3 tuberosity changes dramatically in the short period between these stages. The present study shows that the fragmentation of the bone and irregularity of the ossification center was observed significantly more often in stage A; however, OSD was observed significantly more often in stage E. Lucena et al 23 reported that the major factor associated with the presence of OSD was the shortening of the rectus femoris muscle. Shortening of the rectus femoris may substantially affect the biomechanical function of the knee with respect to the lever arm and peak torque. 2, 10, 18, 28 Evidence in the literature suggests that muscle stretching could help to protect against musculoskeletal lesions, including the predisposition or development of OSD. 16, 19 Kujala et al 21 reported that the prevalence of OSD with adolescent athletes was 12.9% (mean age, 13.1 years). Lucena et al 23 reported that the prevalence of OSD in the sample population was 9.8% (mean age, 13.7 years; range, 12-15 years). The reason that the prevalence of OSD in the present study is lower may be because this study included a younger cohort (mean age, 11.4 years; range, 7-14 years).
The results of this study should be interpreted while keeping the associated limitations in mind. First, this study was a cross-sectional study of preadolescent baseball players. Therefore, the results may not be generalizable to other sports activities. Second, although we used the HBD to evaluate quadriceps tightness, a more reproducible method for measuring quadriceps tightness involves the degree of prone knee flexion of the child. Third, because this study was based on preparticipation physical examination of preadolescent baseball players, radiographic imaging was not performed. Therefore, we were unable to compare US with radiographic findings in this study.
